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Outline 


♦ Sun-Earth Connections 


♦ Heavy Ions 


» Galactic Cosmic Rays 


» Solar Particle Events 


♦ Protons 


» Solar Particle Events 


» Trapped 


♦ Atmospheric Neutrons 


♦ Summary 
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Solar Flare & Particles 

SOHO Instruments/EIT & LASCO 


Solar flares are observed as sudden brightening near sunspots. 
The solar system’s largest explosive events. 

Particles are accelerated directly by event. 


J. Barth/561 - 5/03 


Coronal Mass Ejections 


» Bubble of gas & magnetic field 

• Ejects billions of tons of matter. 

• Shock wave accelerates 
particles to millions of km/hr 
throughout the Solar System. 


J5? 
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Protons - Solar & Trapped 
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Solar Proton Events 

Proton Event Fluences 



Year 

14 
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3 Models 



♦ Boeing 

» Function of Latitude, Altitude, and Energy 
» Based on Studies by Mendall, Korff, and Armstrong 
» Easy to Use 
» Accurate 

♦ Wilson-Nealy 

» Function of Magnetic Rigidity & Atmospheric Depth 
» More Accurate 

» Includes Solar Cycle Modulation 

♦ Wilson 

» AIR model 

» New model funded by NASA’s Living With a Star 
Program 

J. Barth/561 - 5/03 



15 






16 





Variations in Neutron Levels 


♦ Magnetic rigidity determines distribution 

♦ Solar cycle modulation 

» Function of Galactic Cosmic Ray levels 

- Solar minimum - Higher 

- Solar maximum - Lower 

» Measured difference ~ 25% 

» Levels increase with solar events - Dyer et al. 

♦ Dependent on atmospheric conditions 

♦ Very penetrating - Aircraft shielding reduces 
levels by ~ 1 0% 
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Solar Cycle Effects 


♦ Solar Maximum 


» Trapped proton levels lower 
» Background GCR levels lower 
» Solar events more frequent & greater intensity 
» Background neutrons levels lower but can increase 
suddenly from solar events 

♦ Solar Minimum 

» Trapped protons higher 
» GCR levels higher 
» Solar proton events are rare 
» Background neutrons levels are higher 
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Space Environment Models 



Mission Concept 
Mission Planning 
Design 
Launch 
Operations 
Anomaly Resolution 


Space Climate 

Minimize Risk 


Space Weather 

Manage Residual Risk 


Both 
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